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1
LASER WELDING A FEEDTHROUGH

BACKGROUND

One aspect relates to a feedthrough device for an implant-
able medical device. Feedthroughs establish an electrical
connection between a hermetically sealed interior and an
exterior of the medical device. Known implantable thera-
peutic devices include cardiac pacemakers or defibrillators,
which usually include a hermetically sealed metal housing,
which is provided with a connection body, also called
header, on one side. Said connection body includes a con-
nection socket for connecting electrode leads. In this con-
text, the connection socket includes electrical contacts that
serve to electrically connect electrode leads to the control
electronics in the interior of the housing of the implantable
therapeutic device—also called implantable device. An
essential prerequisite for an electrical bushing of this type is
hermetic sealing with respect to the surroundings.

Accordingly, it needs to be made sure that the conducting
wires that are introduced into an insulation element and via
which the electrical signals proceed, are introduced into the
insulation element without any gaps. In this context, it has
proven to be disadvantageous that the conducting wires in
general are made of a metal and need to be introduced into
a ceramic insulation element. In order to ensure long-lasting
connection between the two elements, the internal surface of
the bore hole in the insulation element must be metallized
for soldering the conducting wires into them. Said metalli-
zation inside the bore hole in the insulation element has
proven to be difficult to apply. Homogeneous metallization
of the internal surface of the bore hole in the insulation
element can be ensured only by means of expensive proce-
dures. Alternatively or in addition to, brazing may be used
to connect the wires to the insulation element. Both metal-
lization and brazing, however, can lead to leaks over time.

For these and other reasons there is a need for the present
invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings are included to provide a
further understanding of embodiments and are incorporated
in and constitute a part of this specification. The drawings
illustrate embodiments and together with the description
serve to explain principles of embodiments. Other embodi-
ments and many of the intended advantages of embodiments
will be readily appreciated as they become better understood
by reference to the following detailed description. The
elements of the drawings are not necessarily to scale relative
to each other. Like reference numerals designate corre-
sponding similar parts.

FIGS. 1A and 1B illustrate a feedthrough device in
accordance with the prior art.

FIG. 2 illustrates a cross-sectional view of a feedthrough
assembly in an implantable medical device in accordance
with one embodiment.

FIGS. 3A and 3B respectively illustrate cross-sectional
and plan views of a feedthrough assembly in accordance
with one embodiment.

FIG. 4 illustrates a feedthrough assembly and method of
forming in accordance with one embodiment.

FIG. 5 illustrates a flow diagram of a method of forming
a feedthrough assembly in accordance with one embodi-
ment.
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FIG. 6 illustrates a cross-sectional view of a feedthrough
assembly in an implantable medical device in accordance
with one embodiment.

FIG. 7 illustrates a cross-sectional view of a feedthrough
assembly in an implantable medical device in accordance
with one embodiment.

DETAILED DESCRIPTION

In the following Detailed Description, reference is made
to the accompanying drawings, which form a part hereof,
and in which is shown by way of illustration specific
embodiments in which the invention may be practiced. In
this regard, directional terminology, such as “top,” “bot-
tom,” “front,” “back,” “leading,” “trailing,” etc., is used with
reference to the orientation of the Figure(s) being described.
Because components of embodiments can be positioned in a
number of different orientations, the directional terminology
is used for purposes of illustration and is in no way limiting.
It is to be understood that other embodiments may be
utilized and structural or logical changes may be made
without departing from the scope of the present invention.
The following detailed description, therefore, is not to be
taken in a limiting sense, and the scope of the present
invention is defined by the appended claims.

It is to be understood that the features of the various
exemplary embodiments described herein may be combined
with each other, unless specifically noted otherwise.

In accordance with one embodiment, a method of cou-
pling an insulator to a surrounding ferrule in an implantable
medical device is provided. An insulator is provided having
a plurality of conducting elements extending therethrough.
The insulator is placed with conducting elements within a
ferrule having a frame-like shape surrounding the insulator
along an interface. The insulator is heated with a first laser
until raising the temperature of insulator to a first tempera-
ture level. The ferrule is welded to the insulator along the
interface with a second laser once the insulator has reached
the first temperature.

Normally, the energy level required to weld the ferrule to
the insulator along the interface is so fast and locally
restricted that the ceramic of the insulator would normally
crack. Because the first laser first gradually raises the
temperature of the ceramic insulator before the weld, how-
ever, the thermal shock of the welding is minimized.

In one embodiment, the temperature of the insulator is
maintained with the first laser while the second laser welds
the insulator to the ferrule. This can continue to maintain the
reduction in thermal shock during welding to further mini-
mize any cracking. In one embodiment, the first laser is
controlled to scan the entire surface of the insulator.

In one embodiment, the conducting elements are provided
in the insulator such that they do not extend past a surface
of the insulator. As such, the first laser is able to scan the
entire surface of the insulator without interference from the
conducting elements.

In one embodiment, the insulator is provided free of braze
such that the first laser is able to scan the entire surface of
the insulator without melting any braze. As such, the her-
meticity of feedthrough is not compromised by melting of
braze.

In one embodiment, the first laser is a CO2 laser config-
ured to scan the insulator and bring its temperature up into
the range of 1,300 to 1,600 degrees centigrade. In one
embodiment, the first laser is controlled to ramp the tem-
perature of the insulator from room temperature to between
1,300 and 1,600 degrees Centigrade at a rate of 100-150
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degrees Centigrade per second. In one embodiment, the first
laser is controlled to ramp down the temperature of the
insulator at a rate of 100-150 degrees Centigrade per second
until the temperature reaches 300 degrees Centigrade. Con-
trolling the temperature in these ways can help prevent
cracking the insulator material.

In one embodiment, the ferrule is provided with an inner
edge that is tapered, wherein the insulator has an outer edge
that is also tapered to match the inner edge of the ferule,
which can provide advantages in holding the ferrule relative
to the insulator during welding.

In one embodiment, a feedthrough for a medical implant-
able device includes a ferrule comprising a metal that is
configured to be welded to a case of the implantable device.
An insulator is substantially surrounded by the ferrule and
shares an interface therewith. The insulator comprises a
glass or ceramic material. Conductive elements are formed
through the insulator providing an electrically conductive
path through the insulator. There is no braze or solder at the
interface between the ferrule and the insulator and there is no
braze or solder adjacent the conductive elements. With no
braze or solder at the interfaces, there is reduced risk of leak
and the hermiticity of the feedthrough is preserved.

In one embodiment, the ferrule comprises one of a group
comprising niobium, titanium, titanium alloy, molybdenum,
cobalt, zirconium, chromium and platinum, the insulator
comprises aluminum oxide and the conductive elements
comprise a cermet. These materials allow the avoidance of
any brazing to secure hermetic seals in the feedthrough.

In one embodiment, the ferrule is configured with an inner
edge that is tapered and the insulator is configured with an
outer edge that is tapered to match the inner edge of the
ferule. In one embodiment, the taper of the respective edges
of the ferrule and the insulator are tapered at an angle of 5
to 15 degrees relative to a line running perpendicular to a top
surface of the feedthrough. The taper angle of the edges of
the insulator and the ferrule at the interface allows the
insulator to seat easily in the ferrule before the two are
welded together along the interface. The taper angle of the
outer edges of the insulator against the corresponding inner
edges of the ferrule prevents relative movement of the
ferrule and the insulator during assembly and welding.

In one embodiment, the distance between the ferrule and
the insulator along the interface is no larger than 25 microns.
Keeping the gap at the interface less than 25 microns
minimized cracking of the insulator during welding.

In one embodiment, a method of welding an insulator in
an implantable medical device in provided. An insulator is
provided having a plurality of conducting elements extend-
ing therethrough. The insulator with conducting elements is
placed within a metallic case surrounding the insulator at an
interface. The insulator is heated with a first laser until
raising the temperature of insulator to a first temperature
level. The case is welded to the insulator with a second laser
once the insulator has reached the first temperature.

FIGS. 1A and 1B illustrate respective perspective and
sectional views of feedthrough device 10, such as for an
implantable medical device, in accordance with the prior art.
Feedthrough device 10 includes ferrule 12, insulator 14 and
feedthrough pins 16. Ferrule 12 is a frame-like structure with
an internal opening into which insulator 14 is formed and
through which feedthrough pins 16 extend. Insulator 14
facilitates feedthrough pins 16 extending through the frame-
like structure of ferrule 12 in a non-conductive manner.

Ferrule 12 is configured to fit into an opening of a case for
an implantable medical device and such that it can be tightly
secured thereto in order to ensure a hermetic seal with
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respect to an internal space of the medical device.
Feedthrough pins 16 extend from within the internal space
of the case of the medical device to outside the device,
thereby providing electrical connection from the inside to
the outside, while maintaining a hermetic seal. Flanges 22
can be provided on ferrule 12 to further aid in securing
feedthrough device 10 to the opening of the case of the
implantable medical device and ensuring its hermetic seal.

Typically, insulator 14 is a ceramic or glass material,
while ferrule 12 is metallic. Ferrule 12 is metallic so that it
can be readily welded to a metallic case of the implantable
medical device. In order for the ceramic material of insulator
14 to be coupled to the metallic material of ferrule 12,
insulator 14 is typically “metalized” with metalized coating
20. Alternatively, a metallic braze is used to secure ceramic
material of insulator 14 to the metallic material of ferrule 12.
Similarly, braze 18 is used to couple the ceramic material of
insulator 14 to feedthrough pins 16, which are metallic
conductors.

Use of braze 18 to secure insulator 14 to feedthrough pins
16 and to secure insulator 14 to ferrule 12, and/or the need
for metalized coating 20 to secure insulator 14 to ferrule 12
creates extra processing steps and adds to the complication
and expense of manufacturing feedthrough device 10. Such
braze 18 and metallization 20 can also lead to leaks and
failure of a hermitic seal for feedthrough device 10.

FIG. 2 illustrates implantable medical device 100 in
accordance with one embodiment. Implantable medical
device 100 includes feedthrough assembly 102 and case
104. Feedthrough assembly 102 includes ferrule 110, insu-
lator 112 and conducting elements 114. In one embodiment,
ferrule 110 is a frame-like structure into which insulator 112
and conducting elements 114 are formed. In one embodi-
ment, feedthrough assembly 102 is welded to case 104 such
that an interior 120 of case 104 is hermetically sealed
relative to its exterior 122.

In the exemplary embodiment according to FIG. 1, ferrule
110 is configured to be essentially frame-shaped and secured
to case 104 thereby defining an internal space 120 and an
external space 122. Ferrule 110 can be of a variety of shapes,
for example, it can be a disc-shaped, round, an oval or a
polygonal, in one embodiment a rectangular or square,
cross-section in a sectional plane perpendicular to the draw-
ing plane in FIG. 1. However, other cross-sections are also
feasible as a general rule. The disc of ferrule 110 can be
arranged, fully in the external space 122, in the internal
space 120, or straddling the two as illustrated in FIG. 1.

In one embodiment, ferrule 110 of feedthrough assembly
102 is a metallic material, as is case 104, such that
feedthrough assembly 102 is readily weldable to case 104.
In one embodiment, conducting elements 114 are of an
electrically conductive material such that they provide a
conductive path from internal space 120 to external space
122 of case 104. Insulator 112 is of a non-electrically
conductive material such that there is no conductive con-
nection between ferrule 110 and conducting elements 114.
All of the interfaces between insulator 112 and conducting
elements 114 and between insulator 112 and ferrule must be
sealed in such a way that a hermetic seal is maintained
between internal space 120 and external space 122 of case
104. In one embodiment, all of these interfaces are so sealed
without the use of braze or solder, as will be more fully
explained below.

FIG. 3A illustrate a cross sectional view of feedthrough
assembly 102 in accordance with one embodiment. FIG. 3B
illustrates feedthrough assembly 102 viewed from a “lower”
side relative to how it is depicted in FIG. 3A. In one
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embodiment, feedthrough assembly 102 is assembled by
forming insulator 112 and conducting elements 114 in a first
process. In one embodiment, insulator 112 is a ceramic
material, such as aluminum oxide (Al,O;), and conducting
elements 114 are a cermet material.

In the context of one embodiment, the terms, “cermet” or
“cermet-containing,” shall refer to all composite materials
made of ceramic materials in a metallic matrix (binding
agent). These are characterized by their particularly high
hardness and wear resistance. The “cermets” and/or “cer-
met-containing” substances are cutting materials that are
related to hard metals, but contain no tungsten carbide hard
metal and are produced by powder metallurgical means. A
sintering process for cermets and/or the cermet-containing
elements proceeds just like with homogeneous powders with
the exception that the metal is compacted more strongly at
the same pressuring force as compared to the ceramic
material. The cermet-containing bearing element has a
higher thermal shock and oxidation resistance than sintered
hard metals. In most cases, the ceramic components of the
cermet are aluminum oxide (Al,O;) and zirconium dioxide
(ZrO,), whereas niobium, molybdenum, titanium, cobalt,
zirconium, chromium and platinum are conceivable as
metallic components.

The ceramic of insulator 112 can be, for example, a
multi-layer ceramic sheet into which a plurality of vias is
introduced. The cermet of conducting elements 114 is then
introduced into the vias. In one embodiment, both materials
are introduced in a green state, and as such, the combination
is fired together. Accordingly, the joining of the insulator 112
and conducting elements 114 forms a hermetic seal therebe-
tween without the use of braze or solder.

In accordance with one embodiment, insulator 112 is
secured to ferrule 110 to form a hermetic seal therebetween,
also without the use of braze of solder. In order to secure
insulator 112 to ferrule 110, they are laser welded together.
In one embodiment, a two-part laser welding process is
used. In one embodiment, a first laser is scanned across
insulator 112 in order to heat up the ceramic. Once an
appropriate level of heat is reached, a second laser is used to
perform a weld to join the insulator 112 to ferrule 110. In one
embodiment, a first laser is used to scan both insulator 112
and ferrule 110 both before and after welding with a second
laser.

FIG. 4 illustrates feedthrough assembly 102 in accordance
with one embodiment. In one embodiment, ferrule 110 is
joined to insulator 112 along interface 130 using a laser
weld. In order to prepare interface 130 for a laser weld, a first
laser 140 scans insulator 112 in order to raise the tempera-
ture of insulator 112. In one embodiment, first laser 140 is
a CO, laser that is configured to scan over the ceramic
material of insulator 112 in order to raise the temperature of
the ceramic. In one embodiment, first laser 140 scans over
insulator 112 to bring its temperature up into the range of
1,300 to 1,600 degrees centigrade.

Once this temperature range is achieved, a second laser
150 is used to weld along interface 130 between ferrule 110
and insulator 112. In one embodiment, second laser 150 is a
YAG or fiber laser, which welds ferrule 110 to insulator 112
while first laser 140 maintains the temperature of insulator
112. Because second laser 150 produces a fast and locally
restricted energy along interface 130, it would normally
crack a material like ceramic of insulator 112. Accordingly,
using first laser 140 to first raise the temperature of the
ceramic of insulator 112 before application of the localized
energy of second laser 150 minimizes the thermal shock of
the welding by second laser 150.
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In one embodiment, ferrule 110 is a material that is
selected to have a coefficient of thermal expansion that is
similar to that of the material of insulator 112. In one
embodiment, insulator 112 is aluminum oxide (Al,O;) and
ferrule 110 is niobium. Because aluminum oxide (Al,O;)
has a coefficient of thermal expansion of 8.5x107%C and
niobium has a coefficient of thermal expansion of 8.7x10~
s/C, both materials will shrink a very similar amount after
the heat of first and second lasers 140 and 150 is removed,
such that there will be very little stress or cracking at the
weld along interface 130. As such, the hermitic seal that is
established by welding ferrule 110 to case 104 will not leak.

In one embodiment, a material selected for insulator 112
will have a coefficient of thermal expansion (CTE) that is
within 25 percent of the CTE of the material selected for
ferrule 110. In one embodiment, the CTE of the materials are
kept similar, or within 25 percent of each other, such that the
helium leak rate for implantable medical device 100, once
feedthrough assembly 102 is secured to case 104, is less than
3.0E-09 Atm cc/sec.

In other embodiments, other metals with similar coeffi-
cients of thermal expansion can be used for ferrule 110 in
conjunction with an aluminum oxide (A1203) insulator 112.
For example, zirconium (ZrQ,) having a CTE of 8.6x107%/
C, titanium (grade 2) having a CTE of 10.1x107%/C, and
titanium-45 niobium (grade 36) having a CTE of 10.6x10~
s/C may also be used in some embodiments.

In one embodiment, first laser 140 is controlled to focus
its energy on insulator 112 and also onto ferrule 110. Heating
both the ceramic of insulator 112 and the metal of ferrule 110
before the weld can improve the quality of the weld. In one
embodiment, it is also important that first laser 140 contin-
ues to maintain the heated temperature of insulator 112
while second laser 150 performs the weld at interface 130.

In one embodiment, ferrule 110 is particularly configured
for heating with first laser 140 before welding with second
laser 150. As illustrated in FIGS. 1A and 1B, a feedthrough
device 10 having feedthrough pins 16 extending through
insulator 14 will is not readily heated by a laser. Because
feedthrough pins 16 extend well beyond the surface of
insulator 14, they will tend to interfere with a laser that needs
to scan the entire surface of the insulator in order to heat it
up sufficiently before welding with another laser.

In addition, feedthrough device 10 also requires braze 18
to seal feedthrough pins 16 relative to insulator 14. As such,
even if a laser were able to somehow navigate around
feedthrough pins 16 to scan the entire surface of insulator
14, braze 18 would likely re-flow from the heat caused by
the laser. Typically, braze 18 is a metal such as gold, and its
melting point is below the temperature to which first laser
140 will heat the insulator and adjacent material, such as
braze 18. This would very likely compromise the seal
between feedthrough pins 16 and insulator 14 and poten-
tially cause leaking.

As previously indicated, feedthrough assembly 102 in
accordance with one embodiment includes conducting ele-
ments 114 that are introduced into vias within insulator 112.
In some embodiments, conducting elements 114 may be
configured to extend beyond the top and bottom surfaces of
insulator 112, and in other embodiments, conducting ele-
ments can be configured to be flush with one or both
surfaces. As illustrated in FIG. 3A, for example, conducting
elements 114 are configured to be flush or aligned with both
top and bottom surfaces of insulator 112. In this configura-
tion, first laser 140 is able to readily scan the entire surface
of insulator 112 without inference from anything projecting
from the surface. Furthermore, because conducting elements
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114 and insulator 112 are sealed with a co-sintering process
such that no braze is used, scanning first laser 140 over the
surface of insulator 112 will not cause problems in re-
flowing braze.

In one embodiment, the distance between ferrule 110 and
insulator 112 along interface 130 is controlled such that the
structures are snugly fitted before being welded by second
laser 150. If a significant gap exists between ferrule 110 and
insulator 112, some cracking can occur during the welding
process. In one embodiment, the distance between ferrule
110 and insulator 112 at any location along interface 130 is
no larger than 25 microns. As such, when the two materials
are welded, cracking of insulator 112 is minimized.

FIG. 5 is a flow diagram illustrating a process 200 of
making a feedthrough assembly in accordance with one
embodiment. In a first step 210, conductive elements are
introduced into an insulator. In one embodiment, the con-
ductive elements are either formed to be flush with the
surfaces of the insulator or are milled or ground to be flush.
At step 220, the conductive elements and insulator are
placed in a frame-like ferrule. The insulator and ferrule are
immediately adjacent each other forming an interface.

At step 230, a first laser is scanned over the entire surface
of the insulator in order to bring up the temperature of the
insulator. In one embodiment, the insulator is heated from
room temperature to between 1,300 and 1,600 degrees
Centigrade. In one embodiment, the first laser is controlled
to ramp the temperature from room temperature to between
1,300 and 1,600 degrees Centigrade at a rate of 100-150
degrees Centigrade per second. In one embodiment, heating
at this rate will not cause the insulator material to fracture or
crack. In one embodiment, while the first laser is directed to
scan the entire surface of the insulator, and in one embodi-
ment is directed so as to additionally scan the ferrule that
surrounds the insulator.

At step 240, a second laser is used to weld the ferrule to
the insulator along the interface therebetween. In one
embodiment, the first laser continues to scan the insulator,
while the second laser welds the ferrule to the insulator, in
order to maintain the temperature on the insulator. In one
embodiment, the first laser continues to maintain the tem-
perature of the insulator between 1,300 and 1,600 degrees
Centigrade while the second laser welds the ferrule to the
insulator. In one embodiment, once the entire interface is
welded, the first laser is controlled to allow the temperature
to ramp down at a controlled rate. In one embodiment, the
first laser is controlled to ramp down the temperature at a
rate of 100-150 degrees Centigrade per second until the
temperature reaches 300 degrees Centigrade. Then, the first
laser can be turned off or can be controlled to continue
ramping down until the temperature reaches room tempera-
ture.

FIG. 6 illustrates implantable medical device 300 in
accordance with one embodiment. Implantable medical
device 300 includes feedthrough assembly 302 and case
304. Feedthrough assembly 302 includes ferrule 310, insu-
lator 312 and conducting elements 314. In one embodiment,
ferrule 310 is a frame-like structure into which insulator 312
and conducting elements 314 are formed. In one embodi-
ment, feedthrough assembly 302 is welded to case 304 such
that an interior 320 of case 304 is hermetically sealed
relative to its exterior 322.

In one embodiment, ferrule 310 has an inner edge that is
tapered and insulator 312 has an outer edge that is also
tapered to match the inner edge of ferule 310 at interface
330. In one embodiment, the edges at interface 330 are
tapered at a taper angle o relative to a line running perpen-
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dicular to the top surface of feedthrough assembly 302. In
one embodiment, taper angle . is between 5 and 15 degrees.
In one embodiment, the taper angle a of the edges of
insulator 312 and ferrule 310 at interface 330 allows insu-
lator 312 to seat easily in ferrule 310 before the two are
welded together along interface 330. The taper angle o of
the outer edges of insulator 312 against the corresponding
inner edges of ferrule 310 prevents relative movement of
ferrule 310 and insulator 312 during assembly and welding.

In one embodiment, once insulator 312 is seated against
ferrule 310, insulator 312 is heated with a first laser as
described above with prior embodiments. After a tempera-
ture range is reached, a second laser is directed at the
interface 330 between ferrule 310 and insulator 312 such
that ferrule 310 is welded to insulator 312, similar to that
described above with respect to feedthrough assembly 102.

FIG. 7 illustrates implantable medical device 400 in
accordance with one embodiment. Implantable medical
device 400 includes feedthrough assembly 402 and case
404. Feedthrough assembly 402 includes insulator 412 and
conducting elements 414. As is evident from a comparison
of FIG. 7 to FIG. 6 or FIG. 2, feedthrough assembly 402
does not include a ferrule such that insulator 412 is welded
directly to case 404 such that an interior 420 of case 404 is
hermetically sealed relative to its exterior 422.

In one embodiment, feedthrough assembly 402 includes
insulator 412 with an outer edge that is tapered and case 404
has an inner edge that is also tapered to match the outer edge
of insulator 412. Once feedthrough assembly 402 is placed
in an opening of case 404, insulator 412 is heating with a
first laser as described above with prior embodiments. After
a temperature range is reached, a second laser is directed at
the interface between case 404 and insulator 412 such that
case 404 is welded to feedthrough assembly 402. Since case
404 is typically metallic, such as consisting of titanium, the
second laser welds the metallic case to the insulator 412
similarly to that described above for how the ferrule and
insulator are welded together.

Attaching feedthrough assembly 402 directly to case 404
without the need of a ferrule simplifies the assembly process
and steps, reduces parts and material, and reduces overall
time and cost.

Although specific embodiments have been illustrated and
described herein, it will be appreciated by those of ordinary
skill in the art that a variety of alternate and/or equivalent
implementations may be substituted for the specific embodi-
ments shown and described without departing from the
scope of the present invention. This application is intended
to cover any adaptations or variations of the specific
embodiments discussed herein. Therefore, it is intended that
this invention be limited only by the claims and the equiva-
lents thereof.

What is claimed is:
1. A method of coupling an insulator to a surrounding
ferrule in an implantable medical device comprising:

providing an electrical insulator having a plurality of
conducting elements extending therethrough;

placing the insulator with conducting elements within a
ferrule having a shape surrounding the insulator along
an interface;

heating the insulator with energy from a first laser until
raising the temperature of the insulator to a first tem-
perature level; and

welding the ferrule to the insulator along the interface
with energy from a second laser once the insulator has
reached the first temperature.
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2. The method of claim 1 further comprising maintaining
the insulator at the first temperature with energy from the
first laser while energy from the second laser welds the
insulator to the ferrule.

3. The method of claim 1, wherein energy from the first
laser is controlled to scan the entire surface of the insulator.

4. The method of claim 1, wherein the conducting ele-
ments are provided in the insulator such that they do not
extend past a surface of the insulator such that energy from
the first laser is able to scan the entire surface of the insulator
without interference from the conducting elements.

5. The method of claim 1, wherein insulator is provided
free of braze such that energy from the first laser is able to
scan the entire surface of the insulator without melting any
braze.

6. The method of claim 1, wherein energy from the first
laser is emitted from a CO, laser configured to scan the
insulator and bring its temperature up into the range of 1,300
to 1,600 degrees centigrade.

7. The method of claim 1, wherein energy from the first
laser is controlled to ramp the temperature of the insulator
from room temperature to between 1,300 and 1,600 degrees
Centigrade at a rate of 100-150 degrees Centigrade per
second.

8. The method of claim 1, wherein energy from the first
laser is controlled to ramp down the temperature of the
insulator at a rate of 100-150 degrees Centigrade per second
until the temperature reaches 300 degrees Centigrade.

9. The method of claim 1, wherein ferrule is provided with
an inner edge that is tapered, wherein the insulator has an
outer edge that is also tapered to match the inner edge of the
ferule.
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10. A method of welding an insulator in an implantable
medical device comprising:

providing an electrical insulator having a plurality of
conducting elements extending therethrough;

placing the insulator with conducting elements within a
metallic case surrounding the insulator at an interface;

heating the insulator with energy from a first laser until
raising the temperature of the insulator to a first tem-
perature level; and

welding the case to the insulator with energy from a
second laser once the insulator has reached the first
temperature.

11. The method of claim 10 further comprising maintain-
ing the insulator at the first temperature with energy from the
first laser while energy from the second laser welds the
insulator to the case.

12. The method of claim 10 wherein energy from the first
laser is controlled to scan the entire surface of the insulator.

13. The method of claim 10 wherein the conducting
elements are provided in the insulator such that they do not
extend past a surface of the insulator such that energy from
the first laser is able to scan the entire surface of the insulator
without interference from the conducting elements.

14. The method of claim 10 wherein insulator is provided
free of braze such that energy from the first laser is able to
scan the entire surface of the insulator without melting any
braze.



